Introduction: Monte Carlo (MC) is considered to be the most accurate method to calculate dose distribution in radiation therapy. However, the limitation of MC simulations is time-consuming to reach the desired statistical uncertainty in the dose calculation as well as in clinical practice. To overcome the disadvantages above, the variance reduction techniques (VRTs) has developed and shortened the calculation time while maintaining accuracy. Therefore, the purpose of this study is the application of VRTs in code EGSnrc to find the optimal parameters for simulation, the head of accelerator and calculation dose distribution using the MC method. Methods: The linear accelerator HPD Siemens Primus at Dong Nai General Hospital had been simulated by using BEAMnrc code and applied several VRTs such as range rejection, photon forcing, bremsstrahlung photon splitting (uniform, selective, and direction),...These VRTs were used under the same set of input parameters as histories of 2x10 8 , the photon energy of 6 MV, structure, size and material of the phantom,...The computational efficiency ε is calculated by the following equation ε =
INTRODUCTION
In the simulation, the calculation time and uncertainty play an essential role in Monte Carlo simulation. It is not only directly affects the efficiency of the calculation but also affects the practicality of the application of simulation. Up to this time, there has been a lot of published research studies are demonstrating that simulation code based on Monte Carlo method can produce excellent results with reasonable uncertainties (MCNP, PENELOPE, EGS,…) [1] [2] [3] [4] . However, one of the issues associated with Monte Carlo simulations is the potentially significant CPU time required to reach the desired statistical uncertainty 1, 5 even though the strong growth of technology and the increase dramatically in the speed of computers. To resolve these issues, variance reduction techniques (VRTs) were introduced to reduce the calculation time and increase the efficiency of the simulation.
There have been numerous studies on the application of VRTs to increase the efficiency of computational simulation. In 2004, I. Kawrakow et al. studied about efficiency improvements when applying a new VRTs in BEAMnrc using directional bremsstrahlung splitting (DBS). The research concludes that the performance of DBS depends on the details of the accelerator being simulated. Increasing the field size and the photon beam at higher energies will affect the efficiency of simulation of the DBS technique 1 of this research determined the optimal combination of VRTs. In general, all of these above studies showed that the VRTs significantly reduce the computational time and significantly improve the efficiency of computational simulations. EGSnrc code based on MC, it is a widely-used for simulation of radiotherapy beams. EGSnrc has two main sub-codes. The BEAMnrc is used for simulating the accelerator head, and the DOSXYZnrc is used for calculating the dose distribution 2, 6 . This code has provided several VRTs to solve the time problem and increase the efficiency such as mentioned above, including range rejection, photon forcing, bremsstrahlung photon splitting (uniform, selective, and direction)... 1, 3, [6] [7] [8] . The purpose of this study is to apply the VRTs of code EGSnrc for simulating and calculating the running time and the uncertainty for each simulation, from that the efficiency of each simulation model was evaluated. Then find out the VRTs will bring the highest efficiency in simulation by the MC method.
MATERIAL AND METHOD

Variance reduction techniques in EGSnrc
The variance reduction techniques are a statistical technique to simplify the calculating, reducing the time, variance, and improving the precision simulation 1, 3 . EGSnrc applied some of the following variance reduction techniques:
Range rejection
Range rejection is a technique used to save computing time of the simulations. The basic method based on calculate the range of a charged particle and terminate its history 6, 9 . The particle's history is terminated whenever its residual range is so low that it cannot escape from the current region or reach the region of interest 1 . In general, this technique is always activated in all cases of simulation with a different energy threshold (ESAVE). Following the recommendation of S. Bagheri, the value ESAVE was set to 2 MeV in all component modules 1, 6 . In addition, the electron and photon cutoff energies were set to ECUT = 0.70 MeV and PCUT = 0.01 MeV, total energy included the electron rest mass energy for the charged particle 6, 10 .
Photon forcing
This technique is useful for improving the probability of interaction of a photon with component modules of the accelerator, especially CMs is a thin slab or created from the low-density materials 3, 6, 9 . A photon forced to interact is split into a scattered photon whose weight is equal to the probability of interaction and an un-scattered photon carrying the remaining weight 2, 5, 6 .If the parent particle has not been forced to interact NFMAX times yet, these parameters will be pass onto secondary photons, and secondary photon had to interact the remaining number of times 1, 6 .
Bremsstrahlung Photon Splitting
The main techniques of bremsstrahlung photon splitting included uniform bremsstrahlung splitting (UBS), selective bremsstrahlung splitting (SBS), and directional bremsstrahlung splitting (DBS). However, the SBS had been removed in the latest version of EGSnrc 6 . Therefore, we just applied UBS and DBS techniques in this work.
• Uniform bremsstrahlung splitting (UBS) UBS had been attached in the original version of EGS 6, 9 . When applying UBS, each bremsstrahlung produces a number of bremsstrahlung photons (NBR-SPL). Each of them has a weight of being equal to the inverse of the splitting number 1 NBRSPL , the weight of the electron that underwent the bremsstrahlung event 1, 3 . The energies and directions of each photon are sampled individually according to the relevant probability distributions 6 . NBRSPL is a constant value set by user-input (range from 20 to 100) 6, 11 . The limitation of UBS is investing much of the CPU time to spent tracking split photons that will not direct to the field of interest 1,4 .
• Directional bremsstrahlung splitting (DBS) DBS was introduced into EGSnrc in 2004 by Kawarkow et al. 6 . DBS uses a combination of interaction splitting for bremsstrahlung, annihilation, compton scattering, pair production, photoabsorption, and russian roulette to achieve much better efficiency of photon beam 1, 6 . When using UBS, NBRSPL is defined together with the field radius (FS) of interest. The value of FS must at least encompass the entire treatment field 2, 6 .Example, with the field size, is 10x10 cm 2 , the value of FS should be set is 10 cm. DBS parameters depend on the geometrical accelerator and energy of the photon 6,9 .
Set up VRTs evaluation simulation system
The HPD of linear accelerator Siemens Primus at the Dong Nai General Hospital was simulated by BEAMnrc. The component modules (CMs) of the accelerator include vacuum envelope (SLABS), the target (SLABS), the flattening filter (FLATFILT), ion chambers (CHAMBER), mirror (MIRROR), the jaws X and jaws Y (JAWS), reticle tray of mica (SLABS), and slab air (SLABS). The structure of the accelerator is shown in Figure 1 . These VRTs are independently simulated with the same input parameters such as the number of histories is 5x10 8 , the energy of photon beam is 6 MV, field sizes are 10 x 10 cm 2 , distance from the source to surface distance (SSD) is 100 cm. Besides, the structure and materials of the phantom are similar. The dose region interest of phantom at the center-axis and dose distribution at the depth of 10cm, voxels are divided into 2 x 2 x 2 cm3, that is present in Figure 2 .
Calculation of the efficiency
The efficiency ε of a Monte Carlo simulation by the following equation:
Where T is the CPU time of calculation, S is an estimation of the uncertainty on the quantity of interest. Following the recommendation of Rogers and Mohan, an "average" uncertainty as a measure of the overall uncertainty of an MC dose calculation 1 , by the formula:
Where D i is the dose in the i voxel and ∆D i is the corresponding statistical uncertainty. To reduce the statistical uncertainty, only voxels with a dose higher than 50% of the maximum dose are accounted for in the calculation of this average quantity.
RESULTS
Comparison of VRTs simulation for 6 MV photon beam.
Firstly, each technique has been individually simulated with the number of 1x10 6 histories. The uncertainty was estimated on the absorbed dose at 10 cm. The comparison of the efficiency of application variance reduction techniques in the simulation is shown in Table 1 .
From Table 1 , we can see that the efficiency of each simulation of VRTs has a different value. The efficiency of the DBS technique improves more 90 times compared with the analog cases. UBS techniques also have improved the efficiency, however, value the efficiency smaller than DBS about 15 times, this is because of the time simulation of UBS much too long. Rang rejection and photon forcing techniques also have improved the efficiency of simulation, but not significantly.
To increase the accuracy of the simulation and reduce error statistics. In the next step, we increased the number of histories to identify its impact on simulation efficiency. Our results are summarized in the following Table 2 . Through Table 2 , with an increasing number of histories up to 5x10 8 , we noticed that the difference rate the efficiency of various techniques is similar to the results in Table 1 . DBS variance reduction technique has the highest efficiency. However, the efficiency statistical of simulation of the DBS technique increased significantly compared with those other VRTs or without VRTs. This technique improves nearly 100 times compared with the value efficiency of analog, about 83 times comparing with range rejection, 50 times and 13 times when compared with photon forcing and UBS technique, respectively. This result is in a good agreement with previous studies of Kawrakow et al. 1, 9 .
The correlation between simulation time and its uncertainty is presented in Figure 3 .
From Figure 3 obviously, UBS and DBS are techniques which significantly reduces the statistical uncertainty. Meanwhile, the reduction of statistical uncertainty of range rejection and photon forcing technique is negligible compared with the analog case.
Optimization of value NBRPS for DBS
DBS variance reduction technique has the highest efficiency. We were simulated DBS with a change of bremsstrahlung photons number (NBRPS), to find out the optimum of NBRPS value for the simulation of the 6 MV photon beams. The results of simulation and of the efficiency are presented in Table 3 . From Table 3 , the range of number bremsstrahlung photons was set from 200 to 1500. All of these cases used DBS with different of NBRPS give more effective simulations than other VRTs (Range rejection, Photon forcing, UBS). But DBS technique with NBRPS of 1000 gives the highest efficiency. Therefore, the optimal value of NBRPS is 1000 using Directional bremsstrahlung splitting for 6MV photon beam simulation. It is also found in the previous researches 1, 3, 6 .
DISCUSSION
All of these variance reduction techniques have effective for calculating of simulation, significantly reduce uncertainty in simulation compared the analog cases. A review of results from the variance reduction experiments indicates that the amount of variance reduction by the techniques applied will vary substantially if we increase the number of histories in the simulation. The correlation between time simulation and uncertainty. Simulation with the analog case or applying VRTs such as Rang rejection and Photon, forcing take a short calculation time, but the uncertainty value is quite large. Meanwhile, UBD and DBS are effective in significantly reducing the uncertainty value of the simulation process. 
